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Homework and Certificate

« Homework Assignment:
— Answers must be submitted via Google Form
— Due Date: April 25, 2023

« A certificate of completion will be awarded to those who:
— Attend all live webinars
— Complete the homework assignment by the deadline (access from website)

— You willreceive a certificate approximately two months after the completion
of the course from: marines.martins@ssaing.com

NASA's Applied Remote Sensing Training Program 3 .


mailto:marines.martins@ssaihq.com

Training Objectives

After participating in this 3-part training, attendees will be able to:

« Explain how polarimetric parameters are used for crop condition assessment

« Demonstrate how to perform Sentinel-1 SAR preprocessing to derive quasi polarimetric
parameters

« Perform a calibration of a SAR-based vegetation index to NDVI
« Monitor crop growth with multitemporal polarimetric SAR (POISAR) data from Sentinel-1

. I]Exomine crop growth using a canopy structure dynamic model and fime series of Sentinel-
imagery

« Classify crop type using a time series of radar and opftical imagery (Sentinel-1 & Sentinel-2)

NASA’s Applied Remote Sensing Training Program 4 .
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Ovultline

« Satellite Image Time Series

« Copernicus and the Sentinels
« Time series generation

« Analysis ready data

« Time series analysis

« Sentinel Hub

« Statistical API

* Machine learning

« eo-learn

« eo-workflow

NASA’s Applied Remote Sensing Training Program
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Space4SDGs: How space can be used in support of the 2030
Agenda for Sustainable Development (unoosa.org)



https://www.unoosa.org/oosa/en/ourwork/space4sdgs/index.html

Major Milestones

@ Google Earth @ Sentinel Hub
® Amazon Web Services
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@® Google Earth Engine
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@ Data processing ®Radar ®Optical @ Historical
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Long and dense time series



Satellite Image Time Series - SITS

« Medium and high-resolution data is freely available
« Landsat archive — 2008
« Copernicus — complete, free and open

« Long SITS
— 1972 -
« Dense SITS
— weekly, daily
« Harmonized SITS
— Landsat — Sentinel-2
— Optical -radar
— Sentinel-2 - Planet

NASA’s Applied Remote Sensing Training Program



Landsat SITS

 Landsaft, 1972 —

« Thematic Mapper (TM), 1982 —

« Operational Land Imager (OLl), 2013 -
« Every 16 day

« Opfical — clouds

NASA's Applied Remote Sensing Training Program Landsat Image Gallery - Making Sense of Amazon Deforestation Patterns (hasa.gov) 11 .



https://landsat.visibleearth.nasa.gov/view.php?id=145888
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Sentinel Satellites

- . , 2014
@ STA/B: Radar observations 2016-2021

S2A/B: High-resolution optical observation

‘ S3A/B: resolution imaging and altimetry gg:g

2022
» S4A/B: Observation of the atmosphere from the geostationary orbit
_ 2017
S5P: Observation of the atmosphere from low orbit - predecessor

S5A/B/C: Observation of the atmosphere from low orbit

NASA’s Applied Remote Sensing Training Program



Sentinel-1

« Sentinel-1A-2014
« Sentinel-1B - 2016 — not working since 23.12.2021

« Observation of land, forests, water, soil and agriculture
— Rapid mapping in case of natural disasters
— Shipping traffic
— Observing ice atf sea

« C-SAR (C-band Synthetic Aperture Radar)

« Resolution: 250 km -5x20 m

* INSAR

h NASA's Applied Remote Sensing Training Program
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Sentinel-2

« Sentinel-2A - 2015
« Sentinel-2B - 2017

« QObservation of land, vegetation, soil, water surfaces, coastal bands
— Land cover detection and changes
— Rapid mapping in case of natural disasters
— Climate change observation

« Orbit repeatability 10 days, 5 days with two satellites
« MSI (Multispectral Imager)
* Resolution: 220 km —-10m, 20 m, and 60 m

NASA’s Applied Remote Sensing Training Program



Sentinel-2

S2A S2B
Band Number Central wavelength Bandwidth (nm) Central wavelength Bandwidth (nm) Spatial resolution
(nm) (nm) (m)
1 442.7 20 442.3 20 60
2 492.7 65 492.3 65 10
3 559.8 35 558.9 35 10
4 664.6 30 664.9 31 10
5 704.1 14 703.8 15 20
6 740.5 14 739.1 13 20
7 /82.8 19 779.7 19 20
8 832.8 105 832.9 104 10
8a 864.7 21 864.0 21 20
9 945.1 19 943.2 20 60
10 1373.5 29 1376.9 29 60
11 1613.7 %0 1610.4 94 20
12 2202.4 174 2185.7 184 20

NASA’s Applied Remote Sensing Training Program




Sentinel-2

|67 8b .11 12 20 m
]
TR on
60-

Reflectance (%)

20~

0.5 1.0 1.5 2.0 2.5
Wavelength (nm)

== Soil == Vegetation == Water
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Sentinel-2

@8} SENTINEL Hub
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Sentinel-2 Archive
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https://www.geodetski-vestnik.com/en/clanek/10.15292/geodetski-vestnik.2022.02.220-257

Time Series Generation



Time Series

« Set of satellite images taken over the
same area of interest at different times

« Same or multiple sensors
« Time Series:

understanding how Earth is
changing

determining the causes of these
changes

predicting future changes
discriminating features

Land Cover Classification with eo-learn: Part 2 | by Matic Lubej | Sentinel Hub Blog | Medium

NASA’s Applied Remote Sensing Training Program


https://medium.com/sentinel-hub/land-cover-classification-with-eo-learn-part-2-bd9aa86f8500

Time Series - Sentinel-2

2021-03-01 : AR S Al Y N "N 2021-03-01
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Time Series — Sentinel-1

2021-01-03

(:rmcr (’ sentinelhub
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Analysis Ready Data (ARD)

e CEOS - Committee on Earth
Observation Satellites:

— Analysis Ready Data (ARD) are
satellite data that have been
processed to a minimum set of
requirements and organized into @
form that allows immediate
analysis with a minimum of
additional user effort and
interoperability both through time
and with other datasets.

 Data which is ready to use.

CEOS Analysis Ready Data
Analysis Ready Data Defined. Cloud Native Geoprocessing Part 2 | by Chris Holmes | Planet Stories | Medium
Harness the power of Senfinel Hub, xcube, EOxHub, GeoDB and more in Euro Data Cube | by Dorothy Rono | Euro Data Cube | Medium

NASA's Applied Remote Sensing Training Program 26 .



https://ceos.org/ard/
https://medium.com/planet-stories/analysis-ready-data-defined-5694f6f48815#:~:text=What%20is%20Analysis%20Ready%20Data%3F%20Analysis%20Ready%20Data,of%20labor%20involved%20in%20preparing%20imagery%20for%20analysis.
https://medium.com/euro-data-cube/harness-the-power-of-sentinel-hub-xcube-eoxhub-geodb-and-more-in-euro-data-cube-31c827a3083b

Analysis Ready Data (ARD)

« ARD processing may differ
between applications.

« Image clipping

« Masking — Usable/Unusable
Data Masks

« Atmospheric Correction

« Pixel Alignment

« Sensor Alignment

PlanetScope

Harmonized
Time Series Time Series

Analysis Ready Data Defined. Cloud Native Geoprocessing Part 2 | by Chris Holmes | Planet Stories | Medium
NASA's Applied Remote Sensing Training Program



https://medium.com/planet-stories/analysis-ready-data-defined-5694f6f48815#:~:text=What%20is%20Analysis%20Ready%20Data%3F%20Analysis%20Ready%20Data,of%20labor%20involved%20in%20preparing%20imagery%20for%20analysis.

Harmonization of the Time Series

HLS P’°°essln9 u“‘? f

Landsat 8 Processmg

Data Inputs .‘ Sentinel-2 MSI data | Landsat80!.| d_ata- ;

Atmospheric Correction and Cloud Masking
Geometric Resampling and Geographic Registration

Processing ; , |
~ Steps ; e e _ &
' | BRDF Normalization

Band Pass Adjustment

Outputs S30 Product

NASA's Applied Remote Sensing Training Program Algorithms « Harmonized Landsat Sentinel-2 (nasa.gov)



https://hls.gsfc.nasa.gov/algorithms/

Sentinel-2 - Landsat 7,8 — harmonization
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Monitoring in Drought Prone Areas: Case Studies of Ninh Thuan (Vietham) and
NASA's Applied Remote Sensing Training Program Bekaa (Lebanon) (mdpi.com) 29

Remote Sensing | Free Full-Text | Harmonization of Landsat and Sentinel 2 for Croo.



https://www.mdpi.com/2072-4292/12/2/281

Vegetation on optical and radar images



Vegetation Spectra - optical

Spectral signatures

« Certain wavelengths are sensitive 1o
certain chemicals and compounds.

« They result in absorption
characteristics.

« Make measurements in relation to
these compounds.

IS
o
'

Reflectance (%)

20~

* Indices make use of these wavelength
features.

05 10 15 20 2
Wavelength (nm)

Soil === \egetation === Water

NASA's Applied Remote Sensing Training Program 31 .




Radar backscattering

- Wavelength/frequency Radar

PP PY Yy

X-BAND 3 (m C-BAND 6 cm L-BAND 24 cm P-BAND 65 (m

« Polarization (horizontal, vertical)
* |Incidence angle
« Resolution

. Structure of the observed Surface

phenomenon

 Roughness (roughness) of the terrain

 The conductivity and dielectricity of
the surface

 Qirientation

2005-06-01 2005-06-01

Winter barley Sugar beets Winter wheat

What is Synthetic Aperture Radare | Earthdata (nasa.gov)
NASA's Applied Remote Sensing Training Program SAR Satellites for Agriculture - Groundstation 32



https://www.earthdata.nasa.gov/learn/backgrounders/what-is-sar
https://www.groundstation.space/sar-satellites-for-agriculture/

Radar Interferometry

« Two images from slightly displaced
orbits

/‘/’:9'/’///) o
Oars,

second pass:
measures phase ( ¢, ) for
each pixel for time ( ¢, ) &%)

, « Phase differences due to
displacement:
pimel A moves sboupy measures reference - P O rG | | GX

wavelengths (~4.2 cm)
toward the satellite, with

— Elevation differences

Phase (0):

e A & — Surface movements
| — Atmospheric phenomena

phase ( O ) for each

displacement toward satellite —3=

« Elevationsin m

InSAR image'

o e - Displacements in mm

pnxel dun(zg time plterval’;n <1y)

i %

« Coherence

Elastic Earth science for global monitoring | Elastic Blog
NASA's Applied Remote Sensing Training Program 33



https://www.elastic.co/blog/elastic-earth-science-for-global-monitoring

Coherence for Vegetation Mapping

 The coherence of an InNSAR data pair
represents the magnitude of the
complex correlation between two
SAR images on a pixel-by-pixel basis.

* |s a guantitative measure of the
amount of noise in the interferogram.

NASA's Applied Remote Sensing Training Program




Is NDVI enoughe



Vegetation Indices

NASA's Applied Remote Sensing Training Program

VI - Vegetation Index

NDVI - Normalized Difference
Vegetation Index

EVI - Enhanced Vegetation Index
SAVI - Soil Adjusted NDVI
AVI - Advanced Vegetation Index

NDMI - Normalized Difference
Moisture Index ...

IDB - Index DataBase



https://www.indexdatabase.de/

IDB - Agriculture

Nr. Name Formula Variables Comment
1 |At herically Resistant Vegetation Ind . NIR = [781:1399
mospherically Resistant Vegetation Index NIRRED_y(RED_BLUE) = [781: ]
i . i NIR—RED
2 |Atmospherically Resistant Vegetation Index 2 —0.18 + 1.17 (m)
NIR —rededge
NIR +rededge
3 |Canopy Chlorophyll Content Index —
NIR+Red
([770:780]+[784:790]) — ([655:665]+[676:685])
4 |CASINDVI ([770:780]+[784:790])+([655:665] 4 [676:685])
[770:780]+[784:790]
9 [T [655:665]+[676:685]
Cellulose Absorption Index 100 (0.5 (2030nm + 2210nm) — 2100nm)
Cellulose absorption index 2 0,5 (2020nm + 2220nm) — 2100nm
00 (a-670+670nm-+b)> b=(550nm-((700nm-
8 |Chlorophyll Absorption Ratio Index (670“1“) — 550nm)/150%*550)), a=(700nm-
- (a*+1)™ 550nm)/150
. . |(a-[670]+[670]+b)| ([700]) a=([700]-[550])/150, b=[550]-(a*
9 |Chlorophyll Absorption Ratio Index 2 — — !
" ’ ( (a2+1)%3 ) 670] [550])
: (-1)
10 |Chlorophyll Green ( [760‘800])
[540:560]
750
11 |Chlorophyll Index RedEdge 710 710% —
: (-1)
12 |Chlorophyll Red-Edge ( [760‘800])
[690:720]
ion i _RED _
13 |Chlorophyll vegetation index GREEN?
14 |Crop water stress index %
. 2GREEN—RED—BLUE
15 [Green leaf index 2GREENTREDBLUE
16 |Leaf Chlorophyll Ind |
ea orophyll Index 8501 (680

NASA’s Applied Remote Sensing Training Program
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Sentinel-2 - Bands and indices

— B0l — NDVI
05 — BO2 —— GNDVI2
— BO3 —— ARVI
— Bo4 — sAvI
0.4 — BO5 — EVI
— BO6 — EVI2
— BO7 —— GNDVI
034 —— BO8 — sipl
BSA NBR
—— BO9 —— RGVI
— B10
0.2 1 R
] — B12
0.1 —
0.0
jJan  Feb  Mar  Apr  May  jJun  Jul  Aug  Sep Ot  Nov  Dec jan  Feb  Mar  Apr  May  Jun  Jul  Aug  Sep Ot  Nov  Dec
3019 2019
date date
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Correlation with NDVI

NDVI 1.000000 N _
b = —_
TNDVI 0.999901 Sn_Sm & - >_ F_ &
ShATs0E Sos _Do_ = 1.0
ARVI 0.999040 ggagzﬁggggagggzgigggig
GNDVI2  0.996843 ikt irir Al i
NDVI
SAVI 0.995774 NV
NBR 0.994418 NDIAS - 0.9
GNDVI 0.993543 GI'-INDEEU’F;I:_’I' .
EVI 0.993383 PSSR -
EVI2 0.993084 RVI -
BWDRVI 0.992537 ARVI 0.8
' BWDRVI -
RGVI 0.992294 SAVI
NDMI 0.989918 EVI -
S2REP 0.988046 DSWI 4 :
GCI 0.984749 GCl
GNDVI -
PSSRa 0.984149 et
RVI 0.982727 SIP| 0.6
DSWI 0.980093 NBR
MCARI
BNIR 0.976743 RGVI
NDI45 0.976497 BNIR
IRECI 0.973852 SZREPA 0.5
MCART 0.725447
SIPI 0.596313

NASA’s Applied Remote Sensing Training Program




Time Series Analysis



Temporal Development of Vegetation

160-
120-
o
©
()
80+
40+
TIMESAT
parameters @
[J T T L T I
12 24 36 47 61
Time

Welcome to the TIMESAT pages! (lu.se)

NASA's Applied Remote Sensing Training Program
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https://web.nateko.lu.se/timesat/timesat.asp

Sweetgum Leaves - (Liguidambar styraciflua L.)

Sweetgum
(Liquidambar styraciflua L.)

Percent Reflectance

NIR

rFrrrrr1r 117 171 1T T
400 500 600 700 800 900 1000

Wavelength, nm

PowerPoint Presentation (ucdavis.edu)

NASA's Applied Remote Sensing Training Program 42 .



http://cstars.metro.ucdavis.edu/files/3613/4419/0702/Lecture_3-Leaves__Plants.pdf

European Beech - Fagus sylvatica

1.0 -

0.8

0.6

0.4+

Vegetation index value

Start of Season : End of Season

0.2

Length of Season

Januar March May Jl;Iy Septémber November  Januar

11 April 2022 30 April 2022 23 May 2022 19 September 2022 13 October 2022 23 October 2022 23 January 2023
NASA's Applied Remote Sensing Training Program 43




Time Series of Images

NASA's Applied Remote Sensing Training Program




Time series classification

« Quasi fime series classification

— Images are attributes f
— Multidimensional classification, NI
fime sequence not considered W =
* Full time series classification Euclidean dis’rgnce-/

— uses information about the
development

Dynamic time warping

NASA’s Applied Remote Sensing Training Program Dvnom|c time warping - WIkIDele 45 .



https://en.wikipedia.org/wiki/Dynamic_time_warping

Classification based on time series

— Barley
0.75-
— Maize
Rapeseed
— Triticale

— Wheat

0.50 -

NDVI

0.25-

Apr May Jun Jul Aug Sep Oct Nov
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Time Interpolation/Aggregation

« NoO

« 5D
1.0
« 10
1.0
10D
c 1M
06
a8
CE
= Hude stene
@8 ~—— Kostela
L p— Trebusa
— Krampa
— Litija
- Kobjeglava
00 ~——— Sezana
a0 - - Padez1 » ‘ |
2020-012020-01 2020-2820-04 202DTBATT 2020100 20220001 2002-98%1-04 20DROT21-07 202121610 2021-10
. . . nterval_from
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Time synchronization

« Time series have different timestamps

« Time of image acquisition
— Clouds
— Different satellites
— Different sensors

« Synchronize to the same timestamps
— Week
— 10 days 5]
— Month N

20+

15 1

T
15 20

NASA’s Applied Remote Sensing Training Program



Time synchronization

1.0 ~

0.8

0.6 1

0.4

0.2

0.0 1

T T T T T T T T T T
201%-02 2019-03 201%-04 2019-05 2018-06 201%-07 2019-08  20159-0% 201%-10 2015-11

NASA’s Applied Remote Sensing Training Program



How long must the fime series be

« Yearly vegetation cycle

-  Multiyear H
— Disturbances -
« Beginning of the year

2019-03 2019-04 2019-05 2019-06 2019-07 2019-08 2019-09 2019-10

NASA's Applied Remote Sensing Training Program 50 .




How long must the time series be

1.0

—— 2017

0.8 -

0.6 -

0.4 -

0.2 -

U.{] | ] T I I | ]
50 100 150 200 250 300 350
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Sentinel Hub



Copernicus Data Space Ecosystem

ROADMAP

What can you expect?

The Copernicus Data Space Ecosystem will be
continuously upgraded over the upcoming months.
All data and services will be available by July 2023.

Catalogue API: STAC, S3
Processing API: Sentinel Hub and
OGC for supported collections
Traceability API

On-demand production ARI

Release Copernicus Data Space Ecosystem
Start of user registration

Initial Sentinel data offering

Browser

Catalogue APIs: OData and OpenSearch

NASA’s Applied Remote Sensing Training Program

Full archive of Sentinel missions
Complementary open datasets

Access to commercial data .
Processing API: extended Sentinel CJ
Hub APIs, OpenEO

Jupyter Lab

Marketplace

November 2023
® Sentinel engineering and auxiliary data
® Copernicus Contributing Missions
® Streamlined data access of federated
data sets




Open EO data - Sentinel-1, Sentinel-2, Landsat, ...

Commercial EO data — WorldWind, GeokEye, ...

Aerial imagery (drone, airplane)

ik
Desktop (QGIS, ArcGIS...)

Scripting (Python, R, ENVI...)
4

Sinergise

NASA's Applied Remote Sensing Training Program
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Create Sentinel Hub Account

« After you create an account, you enter the trial mode
« Send the Sentinel Hub registered email to matej.racic@fgg.uni-Ij.si
« You will get credits for processing and advanced use

« ESA (Network of Resources) and Sinergise are sponsoring the use for ARSET
participants
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EO Browser
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1 CO/date ~ | CO0/min | ~ | CO/max| - |CO/meal - |CO/stDe -~ |COfsamf ~ |CO/noD: ~ |CO/med| ~ | C0/p10 |~ CO/p90 ~ CO/clout=ToveragePercent
2 | 17.10.2021 0,490767 0,645251 0,576107 0,041942 64 0 0
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21 19.07.2021 0,732889 0,848426 0,814759 0,023402 64 0 0
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26 24.06.2021 0,637131 0,771476 0,711244 0,028855 64 0 0 —e—C0/min  —@—C0/max co/mean C0/stDev
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34 10.05.2021 0,2341 0,533611 0,379578 0,078249 64 0 0
37 25.04.2021 0,35958 0,424632 0,395119 0,016454 64 0 0
41 5.04.2021 0,267343 0,402529 0,302923 0,028319 64 0 0
42 31.03.2021 0,329323 0,373932 0,350707 0,010846 64 0 0
43 26.03.2021 0,321577 0,388286 0,363599 0,011127 64 0 0
44 21.03.2021 0,367903 0,424156 0,389928 0,01233 64 0 0
45 16.03.2021 0,402667 0,487493 0,453373 0,015806 64 0 0
47 6.03.2021 0,405607 0,54726 0,498466 0,025714 64 0 0
48 1.03.2021 0,347953 0,517081 0,469487 0,037133 64 0 0
49 24.02.2021 0,044492 0,096912 0,07353 0,013874 64 0 0
51 14.02.2021 -1 -0.6036 -0.75788 0.105963 64 0 0 v

in + R |
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Radar and opftical Integration



SAR/Optical Integration

Natural environment
mapping and monitoring

Machine learning

S aandgE Hent and data fusion

Time series analyses
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Radar backscatter

Wheat Barley Barley 2017 Barley 2018

o _— o - g . g
- w 0 2 L lg
E e 8 = E

37 g " S £ 2 £

8 < e
o o

2% £ zz A fza ) 4 g

H E oo gfige oo o [} a e 4 b e 8

* 8 a8 o | W S [ N ¢ - . f: = g 3“\1 \ 9

+| P e/ L o T Ny e
a » = Trer v {\ oo W o .
K 8 o Le al 2\ v e
. 9 al 3
B - ‘ ! ‘ o
" o, 01.04. 01.05. 01.06. o107 [, L0, oL0s o01.06. oL, 2 !l \‘ th Ll ‘LH ul _|||I||| 1 \‘ Sl ‘|‘|1|w|l| L Lo gl ‘h.h\ n Illl.lh Lo ! | ) - I I J ‘ le
01.03. 01.04. 01.05. 01.06. 01.07. 01.03. 01.04, 01.05. 01.06. 01.07.
o S - .
o g o m—— §
o o
w | . “ .

$ 1 e e | 17 .

3| NN KA, | & lg £ 7 Py

z 9 . .;-X\_ Rty -R./\ ] B 8 = -

S AR J v 2 E o> 5

g N\ N " £ g s 2

B_| 4 -3 = LI s H
] Nyt & Fe 5 ‘2 3

& E £
3 2
‘ Y " 2
EY ! ! ‘ ! 2l ‘ ! ‘ !
01.03. 01.04. 01.05. 01.06. 01.07. 01.03. 01.04. 01.05. 01.06. 01.07. o
7 Lo L R — °©
01.03. 01.04. 01.05 01.06. 01.07. 01.03. 01.04. 01.05. 01.06. 01.07.
© L3 o o
. -2 © -1 o -]
AR
w° w» N e, 2
o A e ‘B
b ‘7’-’:35" M‘;%\ S * { '3 * -8
32 go. T K ::':f\ : 4
g g o \ 2 2 o e 9 €
R ER

LX) ! / g s g

z g % b £ % a H

781 # 7 z s .

g4 & = g
5 8
' (=] 2
" ] " b
o a4
2 ; — ]l ; - :
01.03. 01.04. 01.05. 01.06. 01.07. 01.03, 01.04, 01.05, 01.06. 01.07. ‘ h |J ‘ ‘ | l | | ‘
ER Lo RN NI ) T VY I IR S -
— A O] Harvest Period 2017 — B " onos. 0104, 0105, 01.06. 01.07. " ovos. 01.04. 01.05. 01.06. 01.07.
— D @ Harvest Period 2018 —C
—E —F — ASC 44
‘S 8i —H — ASC 146 | Precipitation Demmin [0 Harvest Period 2017
uBio KarBio PP .. .
— Hey Sie — DESC95 | Precipitation Blonsdorf @ Harvest Period 2018
=5 — DESC 168

Remote Sensing | Free Full-Text | Analyzing Temporal and Spatial Characteristics
NASA's Applied Remote Sensing Training Program ~ Of Crop Parameters Using Sentinel-1 Backscatter Data (mdpi.com) 72



https://www.mdpi.com/2072-4292/11/13/1569/htm

NDVI and NDRE

NDVI time series curves of different crops (original)

09 ¢
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—eo— Winter wheat-summer maize —&— Spring maize —a— Cotton
—— Minor crops =~ Greenhouses ~=— Orchards

NDRE time series curves of different crops (original)

NDRE value

October
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-0.1 -
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NDVI value

NDRE value

NDVI time series curves of different crops (S-G smoothing)
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NDRE time series curves of different crops (S-G smoothing)
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https://www.mdpi.com/2072-4292/13/22/4522

Mapping Grassland - Intensive/Extensive
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http://esa-sen4cap.org/

Machine learning

« Scene classification
« Object detection
« Segmentation

Artificial intelligence

« Pixel classification

Machine learning

D e e p ) Soenel Obl?dl I magel
I e O rn I n g classification detection segmentation

Object type & probability

Confidence or

probability
Residential
Commercial 0.2
Forest 0.1

Desert 0.075
Body of water | 0.025

Each image (scene)
is classified

Automated Extraction of Energy Systems Information from Remotely Sensed Data: A Review and Analysis
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https://www.researchgate.net/publication/358919685_Automated_Extraction_of_Energy_Systems_Information_from_Remotely_Sensed_Data_A_Review_and_Analysis

Machine learning - satellite image time series

Machine learning

Deep learning

Decision trees
Random Forest
LightGBM

NDWI =0

Pzt

NDVI=0.11

Waler body

Bare land

Vegetation cover

CONV 1

CONV 2

=7 A=

~7 ¢

RNN

CNN

Transformers ¥
/Eﬂ

time

CONV 3

A Decision-Tree Classifier for Extracting Transparent Plastic-Mulched Landcover from Landsat-5 TM Images

Temporal Convolutional Neural Network for the Classification of Satellite Image Time Series
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https://www.researchgate.net/publication/273345817_A_Decision-Tree_Classifier_for_Extracting_Transparent_Plastic-Mulched_Landcover_from_Landsat-5_TM_Images
https://www.researchgate.net/publication/331525817_Temporal_Convolutional_Neural_Network_for_the_Classification_of_Satellite_Image_Time_Series

Transformers - Satellite image time series

Cutput
Probabilities

* Pre-processing is not mandatory but can improve results
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https://proceedings.neurips.cc/paper/2017/file/3f5ee243547dee91fbd053c1c4a845aa-Paper.pdf

Dense and rare mowing
Extensive and intensive grassland

Travi$¢ni habitatni tipi
2017

LEGENDA

s Ekstenzivni travniki

Bl 'ntenzivni travniki

Bl Nedoloteno

0 20 40 km

M: %

LIFE integrirani projekt za okrepljeno upravljanje
Nature 2000 v Sloveniji {LIFE17 IPE/SI/000011)
sofinancirajo Evropska unija preko programa LIFE,
Ministrstvo za okolje in prostor ter partnerji. Ta
vschina ne adraza nujno mnenja Evropske unije.

© 2020 ZRC SAZU in UL FGG



Extensive and intensive grassland - statistics

® EXTENSIVE 2017 ® INTENSIVE 2017/
EXTENSIVE 2018 INTENSIVE 2018
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HAB REGIONALIZATION — BY TYPE .
80
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Credentials

1. INSTANCE_ID: Configuration Utility > Id
2. CLIENT ID: User settings > Oauth clients > ID (Client credentials)
3. CLIENT_SECRET: ,secret"

0 sentinelhub Configuration Utility Upgrade ~ Eogeo FGG

Dashboard
4+ MNew configuration

My Collections Service endpoints might change related to the data collections used. To check details, open a specific configuration.

> Add new configuration

Usage

Batch
Configuration name:

Batch Statistical r g PyMatej B 113441ca-9617-4fab-Fafe- 27 Oictob
new pvthor1|

J3rd Party Data
= R B 185f2127-8deS-ddfe-9eld- ~--7TTI 70 24 Janua Create configuration based on:

Python scripts template

rg gead 22 N 3f0015db-d7es-dbea-9T1e-__ 0% May 21
B Create configuration

User settings

r SUTS-geos B cba7af26-e132-44e1-8cf0- . ... 18 Augus
Billing
Help = Simple WHMS template I d82f08af-f017-40e9-ae69 09 June 2021, 15:58

What's new
= Python I8 f510c745-324a-495e-b7al-_ . _.____. 0% June 2021, 17:02
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Credentials

« Configuration Utility — INSTANCE_ID  OAuth clients — CLIENT_ID
« Save the secret key — CLIENT_SECRET

() sentinelhub Configuration Utility Upgrade

~ EogeoFGG

§## Dashboard

4 (e e Account Settings Upgrade ~ EogeoFGG
Dashboard
My Collections To check details, open a ific configuration. Account info
Configuration Utility
Usage User Info .
Edit Name Configuration Created My Callections Enterprise S Account
Batch Py
” e Valid until 31 December 2023, 23:59.
sage
Batch Statistical = PyMatej 113441ca-9617-4fab-9afe-b31974bb7b34 27 October 2021, 08:36 - 11 May 2021, 12:08
Batch v
3rd Party Data
= PyM 185f2127-8dc5-4dfe-9fc3-a853703b27 af 24 January 2022, 14:12 Batch Statistical
First Name
3rd Party Data
5 Eogeo
=z geo3 22 3f0015db-d7e6-46ea-971c- 104003725513 09 May 2022, 09:47
Last Name OAuth clients L: ]
Jser setti
Ueresih Z T e cb47af26-e132-44e1-8cf0-a542d5c85a44 18 August 2022, 13:22 2 FGG
Asterix l
Billing o © 1D:149c7b5t
l 3bcl-4ab3-8d71 ]
Help = Simple WMS template d82f08af-f017-40e9-2e69-c11af0651a8a 09 June 2021, 15:58 8 cozeo@fzzuni-lisi o PyM &
ID: cOfde1d7-5937-
What's new iz UserID & b4ab-22a7512dc0b6 1M
= Python 1510c745-324a-495e-b7al-ecc291faec27 09 June 2021, 17:02 Help - o r[\)’g‘:g EHiE: w
a9d3-9044c4f3002e W
Account ID A surs-geos -
© 1D:195d5359-2c67- s
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GitHub - ARSET23

- hitps://github.com/EarthObservation/ARSET23

 Repository
— Theory
— Practical

« Git clone https://github.com/EarthObservation/ARSET23.git

Go to file Add file = {» Code~

Local Codespaces { Mew )

B Clone @)

HTTPS  S5H  GitHub CLI

ttttt 1/ fgithub.com/EarthObservation/ARSET2
Use Git or checkout with SVM using the web URL.

(Y Open with GitHub Desktop

) Download ZIP
- J¥
- - -

Al \ AL ClIA
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https://github.com/EarthObservation/ARSET23

Practical - Notebooks

« credentials_SH.ipynb « earth_observation_with_StatAPlipynb
— Sign Up — Inspecting AOI
— sentfinelhub.id — Statistical API
— config — Time series visualisation
« data_sources_explorer.ipynb « extra_land_cover.ipynb
— DataCollection — EO workflow
— evalscript « Splitting AOI
— Imagery retrival « Data download
— Visualisation « Adding reference

 Machine learning

NASA’s Applied Remote Sensing Training Program



Practical - Data

* Region of Interest (ROI)

Denmark tiled in s 45 x 35 gr

« Country outline

6.35 b NECRECRE
s ) 1mea 11378 IR e g
L NEL )
FLETR ER R 1]

p; U N
- AN Lz

« Divided into smaller regions
e ol — 1000 x 1000 pixels

T
3| @y

TR R WA [
2| 02 i LLe2b Lind Lo An2b15n 20 B0 LT

- - - Denmark splitted info 45x35 patches

e
iz

g
min

e
St ERT) e
= AL
SUprioTatY -
o GEX ST ST S ShE | WO | 585 | BBl w2
et e T e B P PR e e
S AT TR AR —
2 et LDz ID T i
T L HE [ A
3 et . ¢ ettt
A AR A A 3 AL AL
Andan| 13t 1) | 1| 16t E Thn Haa| 3o seeen| 7
a1 EREAr A EE
o 3| x| An?| Lon | 12 el :
7 ERE e
) Taat 42 e poelt
v T - ot
5 1145 12 g5 1 5 7855
6.10 L
s | Lies A o
i RAL. W B LD
| 120 RERE
e b R
62 | P | B2 [ 1 42 Foil i
= P
v 4
un] 7 77| Tran
5.0%
00000 A0A00 0a000 BOGACA 20900
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Open EO data - Sentinel-1, Sentinel-2, Landsat, ...

Commercial EO data — WorldWind, GeokEye, ...

Aerial imagery (drone, airplane)

ik,

Desktop (QGIS, ArcGlS...)

NASA's Applied Remote Sensing Training Program S¢ rip’ring (Pyihon, R, ENVI...



Sentinel-hub - Statistical APl - Data - GEOJSON

{

"type": "FeatureCollection”,

"features": [

"type": "Feature”, “"properties”: { "type": "Meadow" }, "geometry”: { "type": "Polygon™, "coor
“"type": "Feature”, “"properties”: { "type": "Agricultural" }, "geometry”: { "type": "Polygon”,
“"type": "Feature”, “"properties”: { "type": "Water" }, "geometry”: { "type”: "Polygon", "coorc
“type": “Feature", “"properties”: { "type": "Forest" }, "geometry”: { "type": "Polygon", "coor
“"type": “Feature", “properties”: { "type": "Urban" }, "geometry”: { "type”: "Polygon", "coorc

[ e e e ]

{ "type": "Polygon", "coordinates™: [ [ [ 14.324733118535827, 46.232128783379195 ], [ 14.325133
try": { “type": "Polygon", "coordinates": [ [ [ 14.349124266115675, 46.255349134786137 ], [ 14.
"type": "Polygon", "coordinates”: [ [ [ 14.400925333849163, 46.208240459565158 ], [ 14.4815371
{ "type": "Polygon”, "coordinates": [ [ [ 14.338881479931115, 46.265696572582584 ], [ 14.338816
"type": "Polygon", "coordinates™: [ [ [ 14.354968838786276, 46.24899737888369 ], [ 14.35426817
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Sentinel-hub - Statistical API

—— Meadow
G| p— Agricultural
— Water
— Forest
—— Urban R
0.6 1 - 4
[\ o~ e
0.4
0.2 1
0.0
_0'2 .
—0.4 1

2022-03 2022-04 2022-05 2022-06 2022-07 2022-08
interval_from
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eo-learn

NDWI Feature NDWI
Extraction Thresholding

(Down)Load Cloud Detection/
Satellite Imagery Cloud Masking

Vectorize Water

.
N— ‘ Save Results Extont

Local/External source
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eo-workflow

More materials:
. « https://aithub.com/sentinel-hub/eo-learn-examples
« Region-of-Interest (ROI) « https://github.com/sentinel-hub/eo-learn-workshop

— Outline (geojson, or similar)
— Split info smaller tiles

extra_land_cover.ipynb

« Download patch (sentinelhub-py)
— Time interval, bands, masks

 Machine learning
— Prepare training data
— Model training
— Validation

e Visualisation of results
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https://github.com/sentinel-hub/eo-learn-examples
https://github.com/sentinel-hub/eo-learn-workshop

Thank Youl!
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Questions?

- Please enter your questions in
the Q&A box. We will answer
them in the order they were
received.

« We will post the Q&A 1o the
training website following the
conclusion of the webinar.

NASA’s Applied Remote Sensing Training Program

https://earthobservatory.nasa.gov/images/6034/pothole-lakes-in-siberia



https://earthobservatory.nasa.gov/images/6034/pothole-lakes-in-siberia

Contacts

Trainers:
— Prof. Kristof Ostir: kristof.ostir@fgg.uni-lj.si
— Matej Racic: matel.racic@igg.uni-I|.si

https://github.com/EarthObservation/ARSET23

Training Webpage:

— htips://appliedsciences.nasa.gov/join-mission/iraining/english/arset-crop-
mapping-using-synthetic-aperture-radar-sar-and-optical-0

ARSET Website: Check out our sister programs:

— https://appliedsciences.nasa.gov/arset V- )

DEVEL@P ‘Q:;)

vy

Y SERVIR
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mailto:kristof.ostir@fgg.uni-lj.si
mailto:matej.racic@fgg.uni-lj.si
https://github.com/EarthObservation/ARSET23
https://appliedsciences.nasa.gov/join-mission/training/english/arset-crop-mapping-using-synthetic-aperture-radar-sar-and-optical-0
https://appliedsciences.nasa.gov/arset
https://develop.larc.nasa.gov/
https://www.servirglobal.net/

Thank Youl!
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